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achievable even when elevation costs as much as $75,000. Lastly, we found several conditions under which
mitigation does not lead to reductions in voucher cost, such as when policyholder’s household income is
below $10,000 or when elevation cost is high. Under such scenarios, insurance voucher for risk-based
premium is still preferable to discounted premiums.
Disciplines
Business
This working paper is available at ScholarlyCommons: http://repository.upenn.edu/wharton_research_scholars/114
20 
 
THE WHARTON SCHOOL, UNIVERSITY OF PENNSYLVANIA 
Affordability of the National 
Flood Insurance Program 
A Case Study of Charleston County, South Carolina 
 
Wendy Zhao                                                                                                                                                            
Under the Guidance of Howard Kunreuther and Jeffrey Czajkowski 
May 7, 2014 
 
 
 
  
 
2 
 
Abstract 
In March 2014, Congress passed legislation to halt discounted flood insurance premiums from increasing 
to full-risk levels. The rate hike was authorized two years earlier by the Biggert-Waters Act to address the 
National Flood Insurance Program’s structurally induced $24 billion debt. The recent developments 
highlight the tension between risk-based premium and affordability of flood insurance for homeowners in 
flood-prone areas. This study seeks to understand how the tension can be resolved using a voucher 
program coupled with required mitigation in Charleston County, South Carolina. It specifically focuses 
on home elevation as the mitigation method. Compared to a simply insurance voucher program, the 
program can cut government expenditure on flood insurance vouchers by more than half when mitigation 
costs around $25,000 and policies are located in high hazard flood zones. In the most hazardous flood 
zones (V Zone), cost saving is achievable even when elevation costs as much as $75,000. Lastly, we 
found several conditions under which mitigation does not lead to reductions in voucher cost, such as 
when policyholder’s household income is below $10,000 or when elevation cost is high. Under such 
scenarios, insurance voucher for risk-based premium is still preferable to discounted premiums. 
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Introduction 
The costs of natural disasters have grown substantially in past decades with memories of 
Hurricane Sandy and Hurricane Katrina still fresh in our nation’s collective memory. Of all disasters, 
floods are the most common and costly. FEMA estimates that homes in high-risk area have at least a 1 in 
4 chance of flooding during a 30-year mortgage and total flood insurance claims averaged $4 billion per 
year in the current decade. Necessity of flood insurance will continue to rise as climate change anticipates 
more extreme precipitation events. Thus, the sustainability of the flood insurance market is important and 
salient to both homeowners and policymakers in the United States. 
Private market struggles to provide profitable and affordable flood insurance to those who need it 
the most because flood risk is highly concentrated in specific regions. In response, the federal government 
created the National Flood Insurance Program (NFIP) under Federal Emergency Management Agency 
(FEMA) in 1968. Under the program, a portion of the insurance policies, mostly concentrated in flood-
prone areas, is heavily subsidized. To date, the proportion of subsidized policies amount to one fifth of all 
policies. This premium pricing scheme sustained until Hurricane Katrina and Hurricane Sandy, when the 
unprecedented amount of claims paid out pushed the program into a $24 billion deficit. 
In 2012, Congress passed the Briggert-Waters Flood Insurance Reform Act (BW-12) to address 
the structural issues and fiscal insolvency of NFIP
1
. Key provisions would gradually increase discounted 
premium to full-risk levels. However, in March 2014, outcries from residents and special interests led to 
the passage of Homeowner Flood Insurance Affordability Act (HFIAA-14). The new bill delayed 
premium increases and full-risk premiums will not be implemented until an affordability study is 
completed. This paper hopes to contribute to the discussion on how to resolve the tension between risk 
and affordability of flood insurance. It is presented as a case study of Charleston, South Carolina, a 
county vulnerable to both inland and hurricane flood risks. Specifically, the study seeks to answer the 
question: how would risk-based pricing of flood insurance impact affordability in Charleston County? 
The question will be addressed in two parts. First, understand the impact on homeowners if premium 
increase to full-risk levels. Second, explore how government can help homeowners mitigate risk and 
afford risk-based pricing of flood insurance.  
With regard to the second question, the voucher program coupled with required mitigation 
proposed by Kousky and Kunreuther is applied to Charleston County. The program achieves savings for 
the government when specific conditions met. For example, when elevation cost is low, the voucher 
program is financially preferable at income level above $10,000. We also found significant differences 
between flood zones A and Z suggesting that different eligibility standards should be considered for the 
zones. 
The paper will begin with a brief overview of the NFIP program and then proceed to discuss the 
rationale behind risk-based pricing for flood insurance and the affordability challenges. Afterwards, it will 
shift focus to Charleston County, South Carolina, examining the magnitude of premium increase. It will 
end with analysis of means-tested voucher coupled with mitigation to address affordability in Charleston 
County and conclude with recommendations for future research. 
 
 
 
 
                                                        
1
 Learn more about BW-12 and HFIAA-14 at http://www.fema.gov/flood-insurance-reform 
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1. Background of NFIP 
The federal government has played a role in flood control since the Mississippi Flood of 1927. 
After World War II, homeownership increased dramatically in America. Specifically, new property 
development near riverine and costal area drove the demand for flood insurance. By the 1960s, it became 
apparent that the gap left in the private market from the lack of flood insurance supplied must be filled. 
Thus in 1968 the federal government founded the National Flood Insurance Program housed under 
FEMA with intent to supply flood insurance, discourage unsafe development in flood-prone areas and 
instigate nationwide floodplain management. Local communities voluntarily opt into the program and 
adopt floodplain ordinances, which include building codes and minimum structure heights. In exchange, 
homeowners in participating community can purchase affordable flood insurance policies. 
Today, NFIP has 5.55 million policies in-force and $1.28 trillion in coverage nationwide but 
mostly concentrated in coastal states such as Florida, Texas, New Jersey, and South Carolina.  Currently, 
a single-family residence can purchase up to $250,000 of building coverage and $100,000 of contents 
coverage.
2
 Premium is a function of coverage, flood zone, and the insured house’s structural features such 
as the height of the lowest floor relative to the Base Flood Elevation (BFE)
3
. Of these variables, flood 
zone is a key driver of premium level and is determined from Flood Insurance Rate Maps (FIRMs) issued 
by FEMA. Premium is the highest for homes located in Special Flood Hazard Areas (SFHAs) where 
annual risk of a flood in 1 in 100 or greater. SFHAs are comprised of flood zones A and V. A Zone 
experiences in-land flooding and is less hazardous than V Zone, which includes costal surges from 
tropical storms and hurricanes. In SFHAs, flood insurance is mandatory for households with a federally 
backed mortgage. However, FEMA estimates that lender compliance for mandatory purchase is about 75 
percent
4
. 
The structure of NFIP allows for two types of discounted policies. The first type of discounted 
policies is for structures built before a community adopted FEMA’s flood maps and guidelines; they are 
known as pre-FIRM policies
5
. The discounts were given to encourage greater participation in the program 
and are not means-tested. Homes constructed after a community adopted FIRM and flood guidelines must 
adhere to building codes and are structurally safer; these home have post-FIRM policies rated at full-risk. 
Currently, about 20 percent of the 5.5 million policies-in-force are discounted pre-FIRM policies
6
 paying 
only 40-45 percent of the true full-risk premium. The second way a policy can be discounted is implicitly 
through grandfathering. A home mapped into a new zone by an updated FIRM is allowed to keep the 
same premium, thus “grandfathering” the older rate. Thus, a homeowner rated into a higher-risk zone by a 
                                                        
2 The $250,000 building coverage is divided into basic building coverage of $60,000 and additional coverage of 
$190,000. The $100,000 contents coverage is comprised of $25,000 basic coverage and $75,000 additional 
coverage. 
3
 Base Flood Elevation is the estimated height of floodwaters during a 100-year flood. The difference between the 
BFE and a structure’s elevation determines the flood insurance premium. 
4
 We thank Roy Wright from FEMA for providing this data during presentation at Wharton undergraduate class. 
5 Pre-FIRM rates are based on limited underwriting information and do not reflect true risk. However, not all 
buildings with pre-FIRM policies are discounted because some have chose to receive elevation ratings and switch 
to full-risk rates. 
6 Not all pre-FIRM policies are discounted. Some homeowners have elected to get elevation ratings for their 
homes and pay the actuarial rate the home has favorable ratings. Also, many pre-FIRM buildings have no elevation 
ratings and are paying a subsidized pre-FIRM rate not tied to elevation of the house. 
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new FIRM can continue to pay premium reflecting the previous lower-risk zone through grandfathering. 
Unfortunately, FEMA has no way of telling whether a policy currently is paying a grandfathered rate. 
Before Hurricane Katrina in 2005, combined revenues from discounted and full-risk premiums 
covered the average claims paid over the course of program. However, with the historical amount of 
claims paid out after the hurricane, the program started incurring debt that can only be made up by either 
increasing the price of discounted insurance or by borrowing from the Treasury. At the end of 2012, debt 
has accumulated to $24 billion. In July 2012, Congress passed the BW12, renewing NFIP for 5 more 
years and changing operations of the program to achieve financial stability. Specifically, provisions aim 
to adjust rates to reflect true flood risk and end the practice of grandfathering. For non-primary, business 
and repetitive loss properties, rates will start increase 25 percent annual until it reaches full-risk rate. For 
primary residences, rates will only increase by sale, relapse, or repetitive flooding.  
Although moving towards risk-based pricing make economic sense, premium hikes met strong 
political resistance after passage of BW12. Since 2012, flood insurance bills have been lobbied by 89 
organizations
7
. The National Association of Realtors, National Association of Home Builders, local 
government of affect communities are the strongest opponents of premium increases. The insurance 
commissioner of Mississippi filed lawsuit against FEMA in the federal court on the issue, and the South 
Carolina state government filed an amicus brief to the case. In March 2014, the Menendez-Grimm 
Homeowner Flood Insurance Affordability Act (HFIAA-14) passed to repeal certain BW-12 provisions.  
The law halted recent rate increases for some policies, prevented future changes, and implemented a 
surcharge of $25 on all primary residence policies and $250 for other policies. For rate increases that were 
kept in place, the law slowed the rate of increase so that it will take almost 20 years to reach full-risk 
rates.  More importantly, the law called for the affordability study to continue by the National Academy 
of Sciences and its completion will be key for reforms in BW12 to become a reality. 
 
2. Importance of Risk-based Pricing and the Affordability Challenge 
Insuring low probably catastrophic events is inundated with behavior biases and equity issues.
8
 
Reform NFIP should revolve around the guiding principles for insurance established by Kunruether and 
Paul. First, premium should reflect true risk to correctly signal to individuals the dangers they face and 
encourage investment in cost-effective mitigation measures. Second, address the equity and affordability 
with vouchers funded by general taxation instead of with cross-subsidizing premiums. 
9
 For NFIP, the 
existing structure of discounted premium provides misleading information about risk and encourages 
excessive development in high flood-hazard areas instead of risk mitigation. When NFIP adopt full-risk 
premium for all policies the premiums in flood-prone areas can become unaffordable for low- and 
middle-income homeowners, but this equity issue can be addressed with vouchers. BW12 took major 
steps in the direction of principle one but only partially addressed principle two by commissioning the 
affordability study.  
 
3. Case Study of Charleston County, South Carolina 
                                                        
7
 To learn more about lobbying the issue see Center for Responsive Politics’ website www.opensecrets.org 
8
 Consumers usually fail to take preventive measures and focus on recent experiences, leading them to buy too 
little or no flood insurance. Concentrated risk of flooding drive up premium and can make insurance affordable. 
9
 See more on Wharton Risk Center’s guiding principles for insurance at  
http://opim.wharton.upenn.edu/risk/library/WRCib2013a_Insurance+BehavioralEconomics.pdf 
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South Carolina, a coastal state situated in the Southeastern United States, ranks sixth in the nation 
for the number of NFIP policies-in-force. In 2012, it had more than 150,000 policies, 87 percent of which 
are single-family properties. This amounts to $49.9 billion in the quantity of insurance in place and $127 
million in annual premium. South Carolina is also a leader in natural disaster risk management having 
implemented innovative risk mitigation programs. For instance, a 2007 state law gives tax credits for 
fortifying homes and home grants to retrofit houses against hurricane damages. The state also provides 
Catastrophic Saving Account, a tax-free savings account for homeowners to use in the event of natural 
disaster.  
Since 1950, South Carolina has endured more than 10 nationally declared disasters related to 
hurricanes and tropical storms. Flood insurance policies are therefore concentrated in the vulnerable 
coastal areas. 85 percent of policies statewide come from five counties with extended ocean shorelines: 
Charleston, Beaufort, Horry, Berkeley and Georgetown. Charleston County was selected for the 
affordability case study because of its high concentration of policies and geographical risk.
10
 
Figure 1. Map of South Carolina with Coastal Counties (left) and Charleston County (right) 
 
 
 
 
 
 
The following data was used for the analysis in this section: 2012 NFIP policies from South Carolina, 
flood risk data of SHELDUS from the University of South Carolina, and Census Bureau’s American 
Community Survey. 
 
3.1 Insurance Policies in Charleston County   
The vast majorities of statewide flood insurance policies are concentrated in Charleston County.
11
 
Based on 2012 statistics, the county has 57,794 policies-in-force and 16 percent, or 10,619 policies, are 
                                                        
10
 To select an appropriate county out of this list for our case study, we applied three criteria
10
. First, the number 
of in-force and subsidized policies in each county; second, the demographics of a county including population, 
percentage above age 65, percentage below poverty line, and median household income; third, the county’s 
geographical risk to flood. See Appendix B for more details. 
11
 38.1% of all policies in South Carolina are in Charleston County. The next highest county is Beaufort with 26.2% 
and then followed by Horry with 16.4%. See Appendix B for more details. 
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subsidized. Although the median household income ($50,289) in Charleston County is higher than the 
state average ($44,623), home ownership is costly for low and middle-income residents because of high 
property values. A recent Housing Needs Assessment by the county governments found that residents 
must make at least 181 percent of the county median household income to afford an average priced home 
in Charleston County. The report also noted that because the majority of subsidized flood insurance 
policies are in Charleston County, premium increase would have broad impact on low and middle-income 
families and further increase the cost of homes. 
 
3.2 Premium Increase 
There are two ways premium could increase in Charleston under BW-12. The first is from 
phasing out discounted rates on subsidized pre-FIRM policies. Prior to BW-12, the median premiums for 
single-family in Charleston County are $452 for A Zone, $2,980 for V Zone, and $365 for X Zone
12
. This 
follows premiums nationwide, which for non-discounted policies are $513 for A Zone, $3,088 for V 
Zone, and $417 for X Zone.  
Median premium in Charleston is further broken down by Pre-FIRM and Post-FIRM policies, 
shown in Table 1. Keep in mind that the most pre-FIRM policies are currently subsidized and paying 40-
50 percent of actual true premium. Assuming that a homeowner in the A Zone is currently paying the pre-
FIRM median premium $1,056 at 40 percent of the true risk premium, the new true risk premium of 
$2,640 per year would be 5 percent of the median household income in Charleston. If the homeowner 
were paying the median pre-FIRM premium in the V Zone instead, the risk-based premium of $7,977 
would be 15.9 percent of median household income! 
Table 1: Median Premium Nationwide and in Charleston County 
 
 
 
 
 
 
Although the magnitude of premium increase varies case by case, we estimated premium 
increases for a set of individual pre-FIRM policies in Charleston County using the 2012 Insurance 
Manual and aggregated our findings for the A and V Zones.
13
 Because most discounted pre-FIRM 
buildings never received elevation ratings, we assumed that the buildings are inherently one foot below 
BFE.
14
  
In the A Zone, most policyholders’ premiums increased between 60 to 120 percent after moving 
to true risk levels.
15
 The distribution of premium increase in Figure 2.1 exhibits two peaks: 15 percent of 
the policies have premiums increased 60 percent while 20 percent of the policies have premiums increase 
120 percent. The peaks could be driven by variations in total coverage and rate differences between basic 
                                                        
12
 X Zones face moderate to minimal risks and flood insurance purchase is not mandatory by law  
13
 See http://www.fema.gov/flood-insurance-manual all past flood insurance manuals. 
14
 Many pre-FIRM structures will be more than one foot below BFE but the insurance manual only provide rates 
down to -1 BFE. We also assumed that post-FIRM insurance rates reflect true risk. 
15
 Premium is determined by multiple variables. We only calculated rates for pre-FIRM policies with single 
occupancy, no basement, in Zones A and V, and with no elevation rating. In the A Zone, we calculated full-risk 
premium for 4,136 out of 11,257 pre-Firm A Zone policies.  
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and additional building and contents coverage. For Pre-FIRM policies, standard and additional rates for 
coverage are very similar (building rates 0.76/0.77; content rates 0.96/1.38)
16
. In comparison, for full-risk 
Post-FIRM policies, rate for additional coverage is only 25 percent of the standard rates (building rates 
4.4/0.97; content rates 2.74/0.57). For homes already with significant amount of additional coverage, the 
marginal increase in premium as a percentage will be lower because of the cheaper additional coverage 
rates in post-FIRM rates. However, for a home with only basic coverage, marginal premium increase is 
higher. The relationship between coverage amount and rates is reflected in the two peaks in the 
distribution of coverage (Figure 2.2), similar to the patterns found in the distribution of premium increase.  
Figure 2.1 Distribution of Calculated Premium Increase in the A Zone  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2 Distribution of Total Coverage as Percentage of Maximum Coverage
17
 
 
 
 
 
 
 
 
 
 
 
 
 
If coverage, home value and household income are related, then lower-income families will face 
higher marginal change in premium based on the above analysis.  Homeowners are expected to purchase 
enough coverage to insure the home value and that generally home value is five times the annual 
household income
18
. Based on these assumption, an average household with annual income of $12,000 
and $60,000 in coverage will see premium rise from $456 to $2640 per year, or 478 percent marginal 
                                                        
16
 Building rates 0.96/1.38 denotes basic insurance costs $0.96 for $100 of coverage and additional insurance costs 
$1.38 per $100 of coverage. 
17
 Total coverage includes building and contents coverage 
18
 In Charleston County, the median annual household income is $50,289 and median value of owner-occupied 
housing unit is $240,600. The median home value is 4.78 times median household income. 
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increase. In comparison, a household with annual income of $50,000 and $250,000 in coverage will see 
premium change from $1,919 to $4,483, or 133 percent increase. In both cases, premium increase is 
significant in absolute terms but the higher marginal increase could impose unexpectedly greater burdens 
on lower- and middle- income families. 
In the V Zone, the majority of policy premiums increases by 150-200 percent.
19
 We found 
similar, but less visible relationship between the distributions of premium increase and coverage than we 
did in the A-Zone. For V Zone Pre-FIRM rates, additional coverage cost around two times more than the 
basic coverage for both building and contents. The reverse becomes true when premium changes to post-
FIRM rates, where additional coverage costs only 20 percent of basic coverage.  
Figure 3.1 Distribution of Calculated Premium Increase in the V Zone 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2 Distribution of Total Coverage as Percentage of Maximum Coverage 
 
 
 
 
 
 
 
 
 
 
 
FEMA also estimated that 50 percent of subsidized pre-FIRM policies in Charleston are primary 
residents who can keep subsidy until sale, relapse, or repeated flooding (see Table 2). Although this 
meant that primary residence would not face premium increases in the short run, primary residents voiced 
concerns about the law’s impact on property. Because premium increases to full-risk at sale of the house, 
buyers are unwilling buy houses in flood zones and avoid entire neighborhoods. Ironically, this is the 
intended signal full-risked premium should send, to discourage further development in hazardous areas or 
incentivize investment in risk mitigation. Under HFIAA-14, a buyer can assume the prior owner’s flood 
insurance policy and retain the same rates. 
                                                        
19
 We calculated premiums for 289 pre-FIRM policies in the V Zone  
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Table 2. Subsidized Policies in Charleston County in 2012 
 
 
 
 
 
 
 
 
 
 
The second way premiums can increase in Charleston is through the elimination of grandfathering. The 
FEMA flood map study on the coastal counties in South Carolina is still in progress. Once new FIRMs 
are released, a house designated into a higher risk area (e.g. a home originally in Zone X is rated into 
Zone A) would see premium jump sharply. Unfortunately, it is difficult to assess the exact scope of 
premium increase without updated maps and difficult estimate how many policies are currently paying 
grandfathered rate, as FEMA does not track whether a policyholder elected to grandfather rates.  
 
4. Risk Mitigation and Affordability 
Risk-based premium creates strong incentives for homeowners to risk mitigation because 
insurance is cheaper for safer homes. To floods, the most effective mitigation method is house elevation; 
elevating a house a few feet can decrease premium by 70 to 80 percent and save thousands of dollars 
annually. However, elevation is expensive and time-consuming. The project takes 3 months on average, 
during which homeowner must relocate, and cost can run from $25,000 to $75,000 depending on the size, 
type and location of the house.
20
 One solution is for the homeowner to obtain a low-cost loan from the 
government, spreading the costs of elevation overtime.  
Based on the trade-off between risk mitigation costs and premium reduction, Kunreuther and 
Kousky proposed a voucher program coupled with mitigation loans to address the affordability problem 
of flood insurance.
21
 The program has two key components: first, insurance premium is priced based on 
risk; second, voucher is used to cover both the premium and the cost of loan for risk mitigation. The 
program is recommended only for A and V Zones and is means-tested using annual household income. In 
future studies, the program needs to determine the reasonable percentage of a household’s gross income 
that should be allocated to flood insurance. Following Kousky and Kunreuther, we will assume 5 percent 
so that a household earning $50,000 gross income per year is expected to contribute $2,500 to flood 
insurance. After the policyholder’s $2,500 contribution, the voucher pays any excess flood insurance 
costs.  
If the government provides insurance voucher without requiring risk mitigation, a homeowner 
will have no incentives to exert the effort elevate the house. Although premium is starkly higher without 
elevation, the owner would pay the same amount equivalent to 5 percent of gross income regardless and 
                                                        
20
 See Appendix F for how calculations of the 3 costs for elevation; currently, elevation is the only mitigation 
measure that FEMA accepts in order to decrease premium 
21
 See Kunreuther and Kousky’s study on Ocean City http://www.rff.org/RFF/Documents/RFF-IB-13-02.pdf 
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not reap most of the financial benefits from reduced premium. Thus, mitigation should be required for the 
homeowner to be eligible for insurance voucher. The affordability program can be best represented 
through examples of two hypothetical single-family homeowners. One resides in Zone A while the other 
in Zone V, and both live in homes built one foot below BFE. Both purchased $250,000 of coverage and 
have pre-FIRM policies with discounted premiums.  
 
a) Example 1: A Zone homeowner 
For the homeowner in Zone A, annual premium increases 58 percent from $2,666 to $4,205 per 
year after premium increased to full-risk levels
22
. The $1,705 difference in premiums represent the annual 
subsidy on the discounted policy, partially paid by other policyholders and by the government in NFIP’s 
$24 billion debt. 
If the homeowner were to elevate the house two feet from one foot below BFE to one foot above 
BFE, premium drops from $4,205 to $669 per year.  To elevate the home, the owner takes a 20-year, 3% 
low-interest loan and makes annual loan payment in addition to the reduced risk-based premium. For 
instance, when the elevation cost is low, annual payment towards flood insurance would be $2,325, 
comprised of $669 in premium and $1,656 in loan payment. Three cost scenarios are considered for 
elevation - low, medium or high cost.
23
  Table 3 shows that at low and medium elevation cost, total flood 
insurance cost after risk mitigation is better than or just as good as no mitigation. 
Table 3: Flood Insurance Costs under Various Scenarios in Zone A 
 
 
 
 
 
  
 
 
 
Now, assume the homeowner earns annual household income of $50,000 and contributes 5 percent of 
household income towards flood insurance with the voucher covering any excess costs. Originally, if the 
homeowner does not elevate the house, government pays $1,705 in insurance voucher when premium 
increases full-risk levels. However, if mitigation is required for voucher recipients, government does not 
need to issue a voucher at all when elevation cost is low. Since the homeowner’s contribution is capped at 
$2,500 regardless of elevation, he would only invest in mitigation if it is required. For the government, 
risk mitigation decreased the cost per voucher if the elevation cost is below $60,000. 
 
 
 
                                                        
22
 We used the FEMA’s 2012 Flood Insurance Manual to calculate how much premium would change if the owner 
were to pay the full-risk premium.  
23
 To learn more about elevation and other retrofitting methods, see http://www.fema.gov/floodplain-
management/homeowners-guide-retrofitting 
Homeowner in A Zone: Annual Flood Insurance Cost
Premium Loan Payment Total Cost
Discounted Policy $2,666  - $2,666
Full-Risk Policy $4,205  - $4,205
Premium after Elevation
Low Elevation Cost $669 $1,656 $2,325
Medium Elevation Cost $669 $3,426 $4,095
High Elevation Cost $669 $5,025 $5,694
12 
 
 
Table 4. Voucher Programs in Zone A 
 
 
 
 
 
 
 
 
 
 
 
 
b) Example 2: V Zone Homeowner 
Savings generated from risk mitigation are more visible in the V Zone. In this case, the homeowner’s 
premium increases 147 percent, from $5,802 to $14,350. The $8,528 difference between the premiums 
represent current subsidy on the policy.  
Table 5: Flood Insurance Costs under Various Scenarios in Zone V 
 
 
 
 
 
 
 
 
Regardless of elevation costs, risk mitigation always creates enough savings in premium reduction in the 
V Zone. Elevation decreases risk-based premium from $14,350 to $4,107 per year and this reduction 
translates into cost savings in vouchers. With no elevation, voucher costs $11,850. When the house is 
elevated, at most the voucher costs is $6,632. 
 
Table 6. Voucher Programs in Zone V 
 
 
 
 
 
 
 
Homeowner in V Zone: Annual Flood Insurance Cost
Premium Loan Payment Total Cost
Discounted Policy $5,802  - $5,802
Full-Risk Policy $14,350  - $14,350
Premium after Elevation
Low Elevation Cost $4,107 $1,656 $5,763
Medium Elevation Cost $4,107 $3,426 $7,533
High Elevation Cost $4,107 $5,025 $9,132
13 
 
 
For both flood zones A and V, coupling voucher with mitigation creates substantial economic savings, 
increase home’s structural safety, and allows for risk-based premium. This is particularly true in the V 
Zone where the financial benefits of elevation far exceed any construction costs.  
Figure 4. Comparison of Voucher Program in Zone A (left) and Zone V (right) 
 
 
4.1. Affordability Program across Income Groups 
While the voucher program is cost effective for annual household income at $50,000 it becomes less 
financially preferable when household income falls below $10,000. We apply the voucher program across 
income distribution based on the previous assumptions that home value is five times annual household 
income and coverage insures the entire home value. In each income bracket, homeowners contributes the 
same amount, equal to five percent of income regardless the type of voucher program or cost of elevation. 
For the government, costs of voucher programs vary across income brackets and displayed in Figures 5.1 
and 5.2. In the A Zone, voucher with mitigation loan is preferable only when elevation cost is low and 
household income is above $10,000. As income reaches $50,000 voucher cost approaches zero. If 
household income is less than $10,000 the government is better off providing the voucher alone. In the V 
Zone, voucher with mitigation loan is always financially preferable regardless of elevation costs once 
income reaches above $20,000. Once again, for income below the $10,000 providing the voucher alone 
cost less than the alternative options. 
 
 
 
 
 
 
14 
 
 
Figure 5.1 Cost of Government Voucher across Income Group in the A Zone  
 
 
 
Figure 5.3 Cost of Government Voucher across Income Groups in the V Zone 
 
(See Appendix E for Detailed Data Points) 
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4.2 Aggregation for Charleston County 
We tested two different approaches for estimating voucher program costs in Charleston County. 
A key assumption behind both cost estimates is that the voucher program target current low- and middle- 
income policyholders with subsidized policies
24
. The voucher program helps current policyholders cope 
with premium changes for BW-12 and becomes available when the risk-based premium exceeds 5 percent 
of household income. In the long run, program cost will further grow as new policyholder from low- and 
middle-income families would be able to afford flood insurance because of the voucher. 
The first approach estimates program costs based on premiums calculations on existing 2012 
NFIP policies in-force. 4,500 pre-FIRM policies’ individual voucher costs are calculated and aggregated 
for Charleston County. Because NFIP has no information on the policyholder’s income levels, we 
assumed that the amount of policy coverage is equivalent to home value, which is five times the annual 
household income. We took 5 percent of the inferred annual household income to find individual’s 
contribution to flood insurance costs. We found the distribution of coverage in Charleston County similar 
to the distribution of household income especially for income groups above $150,000 (see Appendix G 
for details on the distributions). 
Figure 7.1 below shows the program costs for flood zones A and V estimated using approach one. 
For the 4,136 policies in A Zone, government can save more than $3 million by requiring mitigation 
when elevation costs are low. However, at medium and high elevation costs mitigation becomes more 
expensive than insurance vouchers alone. Although voucher cost per policy is higher in the V Zone, we 
expect a larger portion of the program cost to be incurred in the A Zone due to higher volume of policies. 
Currently, 67 percent of policies in force in Charleston County are in the A Zone, compared to 5 percent 
in the V zone.  
Of the 569 pre-FIRM policies in the V Zones, we calculated voucher costs for 289 policies. For 
the subgroup, even when elevation costs are high the government can save $1 million by coupling 
vouchers with mitigation.
25
 In Table 7.2, we further extrapolated the calculated program costs to all pre-
FIRM A and V Zone policies in Charleston County to estimate the total cost for the program.  
Table 7.1 Estimated Program Cost in Charleston County from Approach One 
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 FEMA estimates that 16% of the policies in Charleston County are discounted 
25
 The saving is less compared to the A Zone because vouchers are given to a much smaller number of policies 
Estimated Program Cost in Approach One ($ Million)
A Zone V Zone Total
(4,136 Pol icies) (289 Pol icies) Cost
5 3 8
Low Elev. Cost 1.7 1.1 2.8
Medium Elev. Cost 8.6 1.6 10.2
High Elev. Cost 15.2 2.1 17.3
Insurance Voucher
Voucher/Mitigation 
Loan
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Table 7.2 Projected Total Program Cost in Charleston County from Approach One 
 
 
 
 
 
 
The second approach estimates program cost based household figures and take-up rates, 
expanding the analysis beyond the pool of current policyholders. We focus on the 38 census tracts
26
 with 
at least 500 policies each and on households with annual income below $50,000. The average census tract 
take-up rate is 37 percent and a sensitivity analysis of take-up rate can be found in the Appendix H.  
Table 8 Total Program Cost, 37% Take-up Rate (Table and Graph) 
 
 
 
 
 
 
 
 
Under both estimates, Total Program Cost shows the voucher coupling with mitigation loan preferable 
only when elevation cost is low. However, looking at total cost overlooks the significant financial benefits 
of mitigation in the V Zone. Both estimates show that in the V Zone high elevation cost still makes the 
voucher with mitigation loan cheaper. Several takeaways from the cost estimates should be considered 
when designing the voucher program. First, voucher coupled with mitigation loan can cut government 
voucher program cost by more than half when elevation costs are low. Second, when a relatively smaller 
amount of policies are in the V Zone and elevation cost is high, eligibility criteria should differ for A and 
V Zones and only require elevation in the more hazardous V Zone. Third, the voucher with mitigation 
loan program and the removal of subsidy can be rolled out in stages beginning with the V Zone where 
relatively fewer policies are purchased. Lessons from the pilot program can be applied to the larger pool 
of policyholders in the A Zone. 
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 These 38 census tracts also have 82% of the policies in Charleston County 
Projected Total Program Cost ($ Million)
A Zone V Zone Total
(13,395 Pol icies) (569 Pol icies) Cost
16.2 5.9 22.1
Low Elev. Cost 5.5 2.2 7.7
Medium Elev. Cost 27.9 3.2 31.0
High Elev. Cost 49.2 4.1 53.4
Insurance Voucher
Voucher/Mitigation 
Loan
Total Program Cost ($ Million)
Total
Cost
14.4 4.0 18.4
Low Elev. Cost 7.2 1.9 9.1
Medium Elev. Cost 22.5 2.9 25.3
High Elev. Cost 36.2 3.8 40.0
A Zone V Zone
Insurance Voucher
Voucher/Mitigation 
Loan
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Figure 6 Total Program Costs Comparison 
 
4.3 State level natural disaster programs 
Although none directly addresses the affordability for flood insurance, South Carolina has several 
programs helping homeowners to purchase insurance and fortify homes against natural disasters.  
The 2007 SC Omnibus Coastal Insurance Act created the Safe Home grants program for low- and 
middle-income homeowners to retrofit primary residences against high-wind and hurricane damages. 
Administered by the state’s Department of Insurance, the program offers matching and non-matching 
grants depending on the recipient’s household income and home value. Families making less than 80 
percent of the county median household income and with home value below $150,000 qualify to receive 
up to $5,000 in non-matching grants. Families with income above that threshold and home value less than 
$300,000 are eligible for up to $5,000 matching grant. Currently, the home grant does not cover flooding-
related mitigation measures but could be a potential source of funding for homeowners looking to elevate 
homes in the future. 
South Carolina also has several tax incentives for risk mitigation against natural disasters. The 
Residential Retrofit Tax Credit provides state income tax credits up to $1,000 for expenses incurred when 
retrofitting a home against natural disasters. The Excess Insurance Premium Tax Credit allows 
homeowner to claim up to $1,250 in income tax credit against excess premium paid on property and 
casualty insurances. Excess premium is defined as portion of premium greater than 5 percent of the 
taxpayer’s annual gross income. Lastly, the state offers Catastrophe Saving Account, which are interest-
bearing accounts not subjected to state income tax if funds are used for qualified catastrophe expenses.  
 
5. Conclusions and Topics for Future Research 
Accurately priced flood insurance policies and affordability for homeowners in hazardous areas 
are two conflicting but equally important aspects in the flood insurance market. Based on the proposal 
from Kunreuther and Kousky, we also argue that coupling vouchers with mitigation is a better alternative 
to discounting premium. However, mitigation requirement does not always guarantee cost savings for the 
government, especially when household income is below $20,000 and home value is below $100,000, or 
when elevation costs are high. In cases where coupling mitigation with voucher is more expensive, using 
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a simple insurance voucher would be a better alternative than discounting premiums. For Charleston 
County, government can cut the cost of insurance vouchers by more than half if voucher recipients are 
required mitigation when certain conditions are met. The analysis also shows that separate eligibility 
criteria should be devised for A and V zones because mitigation leads to greater premium reduction in the 
latter zone.  
The case study of affordability in Charleston County has raised several questions for further 
research. First, elevation is not feasible for all homes. For instance, the 150 years old homes in 
Charleston’s historic district cannot be elevated due to historical preservation purposes.27 Furthermore, 
the nonmonetary costs and benefits of home elevation, such as owner’s lodging costs during construction, 
should be accounted for in analyzing means-tested voucher. Therefore, Coupled voucher and mitigation 
could consider making available individual waivers or alternative mitigation measures that can reduce 
premium.
28
 Second, a means-tested affordability program can be means-tested by home value instead of 
income. Based on our assumptions in Section 4, 5 percent of annual household income is equivalent to 
2.5 percent of home value. Further research should also seek to find the appropriate percentage of income 
or home value to define eligibility. Lastly, estimating the voucher program cost on the state or national 
level require considerations of more comprehensive methodologies. The methods in this study relied 
heavily on the relationship between coverage and household income, take-up rates, and household figures 
for cost estimations. More sophisticated alternatives for larger aggregation across regions will be 
important for accurate cost-benefit comparisons between various policy options. 
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 Learn more about the issue at http://www.insurancejournal.com/magazines/features/2014/04/07/325041.htm 
28
 We also examined flood proofing but this mitigation method does not lower risk premiums under FEMA 
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Appendix A. Overview of the National Flood Insurance Program in South Carolina 
State-level NFIP Summary Statistics: 
 
 
 
 
 
85% of the policies in South Carolina are concentrated in five coastal counties: Charleston, Beaufort, Horry, Georgetown, and Berkeley. Below show summary 
statistics for the counties: 
 
 
 
 
 
 
 
 
 
 
 
 
Flood Policies-in-Force 150,106                     
Quantity of Insurance in Place ($U.S.) 49,907,185,800       
Total Annual Premium 127,608,093             
Average Premium Per Policy ($U.S.) 850                              
Average Premium per $1000 of Coverage 2.56                            
Average Quantity of Insurance per Policy ($U.S.) 332,480                     
South Carolina, 2012
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Appendix B. Selection of Charleston County, South Carolina 
We decided to select from the top five counties by flood insurance policies in force and used three criteria for the selection. First, we compared the quantity of 
policies in force using 2012 NFIP data. Charleston County has the most policies-in-force: 
 
 
 
 
 
 
 
 
 
 
 
 
The second factor is demographics based on the 2010 Census. Although Charleston has lower percentage of residents over 65 years old, lower homeownership 
rate, and higher median household incomes compared to the state averages, it has significantly higher population compared to other coastal counties (1/3 more than 
Horry, the second biggest costal county by population). With higher population, affordability can still affect considerable amount of people in Charleston in 
absolute terms. Although 13.7 percent of residents in Charleston are over 65 years old, in absolute terms this translates to 47,979 residents. This is higher than the 
number of residents over 65 in Beaufort, Georgetown, and Berkeley. Applying the 17.7 percent poverty rate in Charleston to its population, the county has more 
residents living below the poverty line than the other 4 counties used in comparison 
 
 
 
 
 
 
 
County
Number of Policies in 
Force
Insurance 
Penetration (Policies 
Divided by 2010 
Population)
Quantity of Insurance 
in Place ($U.S.)
Total Annual 
Premium
Average 
Premium per 
Policy
Average 
Premium per 
$1,000 of 
Coverage
Average Quantity of 
Insurance per Policy
CHARLESTON 57,255                                16.3% 17,620,639,600            52,737,183              921 2.99                  307,757                       
% Statewide 38.1% 35.3% 41.3%
BEAUFORT 39,370                                24.3% 14,425,081,100            30,754,500              781 2.13                  366,398                       
% Statewide 26.2% 28.9% 24.1%
HORRY 24,642                                9.2% 9,829,749,500              21,820,742              886 2.22                  398,902                       
% Statewide 16.4% 19.7% 17.1%
GEORGETOWN 7,580                                  12.6% 2,451,267,400              8,561,347                 1129 3.49                  323,386                       
% Statewide 5.0% 4.9% 6.7%
Top 4 Counties 128,847                             44,326,737,600            113,873,772            884 2.57                  344,026                       
% Statewide 85.8% 88.8% 89.2%
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The third criteria is geographical risk. Compared to other counties, Charleston has the most stream and coastal miles, and the largest mandatory flood insurance 
purchase area (Zones A and V) in absolute square miles. Based on calculations of National Hydrology Dataset (NHD for miles of inland bodies of water) and 
costal mileage within the county, Charleston has 1584 steam miles which is 100 more miles than the next highest county (Horry with 1,466 miles) 
Lastly, Charleston has relatively more policies in zones A and V but lower average premiums, indicating relatively higher number of discounted policies in the 
county. Charleston and Beaufort have nearly identical square miles of A Flood Zones but Charleston has almost twice as many policies in its A Zone. Also, 
Charleston’s average premium for both A Zones and Z Zones are lower in comparison to the average premium in the other 4 counties 
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Appendix C. Distribution of Subsidized Policies and Premium Increase within Census Tracts 
We analyzed the distribution of premium per $1,000 of coverage policies in a few census tracts but did not find conclusive evidence of how discounted policies are 
distributed on the census tract level. The graph below lists top 20 census tracts in Charleston County by the number of policies in force.  
In Census Tract 20.06 we compared the distribution of premium per $1,000 of coverage for pre-FIRM policies and all policies in the tract. Distribution of Premium 
per $1,000 Coverage show two peaks, especially in the Pre-Firm Policies. The second peak in the “All Policies” distribution is mostly likely due to the Pre-Firm 
policies. Pre-Firm policies are either in Zone A or X. There are 81 X-Zone Policies out the 573 Pre-Firm. For X Zone Pre-Firm policies, premium per $1,000 of 
coverage ranges from 1.04 – 5.75. For A-Zone Pre-Firm, the range is from 1.04 to 9.90. 
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(Map of Census Tract 20.06) 
 
 
 
 
We separated the A Zone Pre-FIRM policies in a new distribution 
on the left. The two clusters became more apparent here. However, 
we cannot tell for certain whether they are driven by difference in 
risk or whether one peak represents subsidized pre-FIRM policies 
while the other represents pre-FIRM policies that have already 
changed to full-risk. 
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We analyzed Census Tract 47.01 and found similar patterns in distribution of premiums.  
 
 
 
 
 
 
 (Map of Census Tract 47.01) 
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We also created distribution of premium for the overall Charleston County. Most of the pattern from census tracts 20.06 and 47.01 are seen in the county-wide 
distribution. However, for the Pre-FIRM, A Zone distribution, more policies countywide belong to the higher premium cluster. Below shows the distribution of 
premium for all single –occupancy policies in the county versus only pre-FIRM policies:  
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Appendix D Calculations from the 2012 Flood Insurance Manual 
Premium depends many variables: flood zone, occupancy, number of floors, basement, deductible, elevation differences, coverage amount, CRS discount based on 
the community, and several other variables. For the representative policies, we made assumptions about many of these variables and calculated the premium based 
on the examples given in the 2012 Flood Insurance Manual.  The setups for calculating premium of a representative policy is shown below. To calculate premiums 
for policies in the 2012 NFIP database, we selected a list policies that are single-occupancy, 
pre-FIRM, with no basement, A or V Zone, and no elevation ratings. Afterwards, appropriate 
rates found in the Insurance Manual to find the coverage and deductible factor. CRS discount 
and ICC fees unique to each policy are also applied.  
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Appendix E Government Program Cost by Income Groups 
Cost of government voucher per policy in the A Zone 
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Cost of government voucher per policy in the V Zone 
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Appendix F Elevation Costs Calculation 
FEMA provides elevation costs for various building structures in cost per square foot of house footprint (the plot of land the structure occupies). We assumed that 
house footprint is one third of the median square footage of a house (assume a home has 3 floors on average with 1 floor above and basement) and used the 2012 
median square footage of a home in the Southern Region of United States.  
 
 
 
 
 
 
Elevation cost varies greatly based on building type and the feet of elevation. We selected three prices, adjusted to 2012 dollars, for elevating 4 feet to arrive at our 
three elevation cost estimates. The Flood Insurance Manual only provided full-risk rates for -1, 0, and +1 BFE in the A Zone and -1 and 0 BFE in the V Zone. 
Thus, we assume that a pre-FIRM policy with no elevation rating would be rated at -1 BFE when the subsidy is removed. We assume elevation raised this building 
two feet to +1 BFE and calculated the post mitigation premium with +1 BFE. In the V Zone, we assume that pre-FIRM policies are rated -1 BFE when subsidy is 
removed and are elevated two feet as well. However, we used the 0 BFE rates in the V Zone because they are the most favorable rates available. In the V Zone, 
rates at +1 BFE should be even more favorable and thus our estimate of the reduced post-mitigation premium is a conservative estimate of cost savings. 
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In the elevation costs used, we assume that the house footprint of a house is 1/3 of average square footage. Elevation costs are higher in all three ranges when we 
change the assumption about the average number of floors in a house to 2 instead of 3.  
House Footprint = 1/3 House Square Footage            House Footprint = 1/2 House Square Footage 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Elevate 4 Feet
Low $27,184
Medium $53,518
High $77,304
Elevate 2 Feet
Low $24,635
Medium $50,970
High $74,756
Calculated Elevation Costs
Elevate 4 Feet
Low $40,776
Medium $80,277
High $115,956
Elevate 2 Feet
Low $36,953
Medium $76,455
High $112,134
Calculated Elevation Costs
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Appendix G Distribution of Coverage versus Distribution of Household Income, Charleston County 
Figure 1. Distribution of Household Income in Charleston County 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Distribution of Coverage in Charleston County 
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Appendix H Sensitivity Analysis of Program Cost 
The sensitivity analysis examine the relationship between take-up rate and program costs estimated from Approach Two. The left most number column with 37% 
is the take-up rates currently across census tracts. 
 
 
 
 
 
 
Cost is broken down into A Zone and V Zone below: 
 
 
 
 
 
 
 
 
 
 
 
 
A Zone Program Cost ($ Million)
37% 10% 30% 50% 70% 90%
Insurance Voucher 14.35    3.88      11.63    19.39    27.15    34.90    
Voucher/Mitigation Loan
Low Elevation Cost 7.20      1.95      5.84      9.73      13.62    17.52    
Medium Elevation Cost 22.45    6.07      18.20    30.34    42.48    54.61    
High Elevation Cost 36.23    9.79      29.37    48.95    68.54    88.12    
V Zone Program Cost ($ Million)
37% 10% 30% 50% 70% 90%
Insurance Voucher 4.03      1.09      3.27      5.45      7.63      9.81      
Voucher/Mitigation Loan
Low Elevation Cost 1.85      0.50      1.50      2.49      3.49      4.49      
Medium Elevation Cost 2.85      0.77      2.31      3.85      5.39      6.93      
High Elevation Cost 3.76      1.02      3.05      5.08      7.11      9.14      
Average Take-Up Rates
Average Take-Up Rates
Total Program Cost ($ Million)
37% 10% 30% 50% 70% 90%
Insurance Voucher 18.38   4.97      14.90   24.84   34.78   44.71   
Voucher/Mitigation Loan
Low Elevation Cost 9.05      2.45      7.34      12.23   17.12   22.01   
Medium Elevation Cost 25.30   6.84      20.51   34.19   47.87   61.54   
High Elevation Cost 39.98   10.81   32.42   54.03   75.64   97.25   
Average Take-Up Rates
